Methods:
We conducted a pragmatic randomized controlled trial. Participants were randomized to one of two groups: practices receiving the intervention and control practices. Participants were prescribed two or more doses of triptan per month. General practitioners in the intervention group received training on treating migraine and invited participating patients for a consultation and evaluation of the therapy they were receiving. Physicians in the control group continued with usual care. Our primary outcome was patients' scores on the Headache Impact Test (HIT-6) at six months. We considered a reduction in score of 2.3 points to be clinically relevant. We used the Kessler Psychological Distress Scale (K10) questionnaire to determine if such distress was a possible effect modifier. We also examined the interventions' cost-effectiveness.
Results:
We enrolled 490 patients in the trial (233 to the intervention group and 257 to the control group). Of the 233 patients in the intervention group, 192 (82.4%) attended the consultation to evaluate the treatment of their migraines. Of these patients, 43 (22.3%) started prophylaxis. The difference in change in score on the HIT-6 between the intervention and control groups was 0.81 (p = 0.07, calculated from modelling using generalized estimating equations). For patients with low levels of psychological distress (baseline score on the K10 ≤ 20) this change was -1.51 (p = 0.008), compared with a change of 0.16 (p = 0.494) for patients with greater psychological distress. For patients who were not using prophylaxis at baseline and had two or more migraines per month, the mean HIT-6 score improved by 1.37 points compared with controls (p = 0.04). We did not find the intervention to be cost-effective. treatment regimen and advising them about the options available for treating their mi graine) could increase the use of preventive treatment and reduce the overuse of triptans, thereby reducing headache recurrence and associated costs. Our intervention involved educational sessions for general practitioners. Earlier studies aimed at reducing the overuse of other medications in primary care, such as benzodiazepines and acidrepressive drugs, showed that a proactive intervention led to a reduction in the use of medications. 14, 15 Because most patients with migraine in the Netherlands are treated by their general practitioner, we evaluated the costs and effects of a proactive approach to migraine in primary care. We included patients who had two or more attacks per month, because improvement could be reasonably expected in this group.
Methods
This study involved 64 general practices in a semi urban area in the Netherlands, between 2007 and 2009. We used a cluster randomized design with general practice as the unit of randomization to prevent contamination. 16 The study was approved by the Ethical Committee of the Leiden University Medical Center.
Participants
General practitioners were asked to participate in a trial aimed at improving the treatment of migraine in primary care. We provided the physicians with as little information as possible about the intervention to avoid changes in the behaviour of participants in the control group.
Patients aged 18 years or older were selected from the electronic patient record by the researchers in consultation with the general practitioners. Patients were selected using their prescription data. Patients were eligible for the study if they had received prescriptions for 24 or more doses of triptan in the previous 12 months, or 12 or more doses in the previous 6 months. Exclusion criteria were cluster head aches, cognitive impairment, a severe psychiatric disorder, terminal illness or insufficient understanding of the Dutch language.
General practitioners sent eligible patients an invitation letter, together with an information booklet, an informed consent form and a baseline questionnaire. Patients were informed that the aim of the study was to improve the treatment of migraine in primary care and that they might be invited for an evaluation and consultation with their general practitioner. Participants returned the consent form and baseline questionnaire to the researchers.
Randomization
We randomized the practices using a computergenerated list after eligible patients had been selected. The randomization was done by a statistician who was unaware of the characteristics of the practices. We stratified practices based on the median percentage of the population of all practices who used two or more doses of triptans per month (i.e., practices where ≥ 5.9% of the population used ≥ 2 doses of triptan per month, and practices where < 5.9% of the population used ≥ 2 doses of triptan per month).
Intervention
Physicians in the intervention group received two training sessions, each three hours in length, from two general practitioners with experience in the management of migraine (Jeanet Blom and Frans Dekker). The protocol was based on the headache guideline of the Dutch College of General Practitioners. 17 The training included diagnostic criteria for headache (mi graine, tension headache, and medication-overuse headache), acute and prophylactic treatment, and treatment of medication-overuse headache (see Appendix 1, available at www .cmaj .ca /lookup /suppl /doi :10 .1503 /cmaj .110908 /-/DC1).
General practitioners were asked to invite patients who had agreed to meet to an evaluation/consultation. During this meeting, the physicians followed a step-wise approach. First, they reconsidered the diagnosis of migraine. If the diagnosis was confirmed, they advised the patient on the appropriate use of medication. Patients who had two or more migraines per month were offered prophylactic treatment. On agreement between the patient and physician, a β-blocker was started at a low dose and gradually increased to the dose with the greatest effect and acceptable adverse effects. If this treatment was not effective, patients were prescribed sodium valproate. 18, 19 In cases of medication-overuse headache, patients were advised to stop all pain medication for three months, after which their headaches were re-evaluated. 9 Notwithstanding these guidelines, physicians were free to conduct the intervention in their own way because of the pragmatic character of our trial.
Usual care
Physicians in the control group were asked to continue to provide their usual care. 16 These physicians received no additional information on the diagnosis and treatment of headache, and they were not informed as to which patients had agreed to participate in the study. Control patients were not told to which group they had been allocated.
Outcome measures
The primary outcome for the effectiveness of the intervention was patients' scores on the Dutch version of the Headache Impact Test (HIT-6), a six-item questionnaire measuring the severity and impact of headache on a patient's life. 20, 21 The minimal clinically important difference on the HIT-6 is a reduction of 2.3 points on a scale ranging from 36 to 78, with a higher score representing more complaints of headache. 22 We preplanned two subgroup analyses because we expected to see the largest effect among patients not using prophylactic medication at baseline, and among patients having two or more attacks each month.
One of our secondary outcomes was change in patients' scores on the EuroQol questionnaire. This questionnaire measures quality of life in five domains (mobility, self-care, main activity, social relationships and pain), with the total score ranging from -0.33 (poor quality of life) to 1.0 (good quality of life). 23, 24 In addition to completing the questionnaire, patients were asked to keep a headache diary in which they recorded their medication use, the frequency, severity and duration of migraine attacks, and absences from work due to migraine during a four-week period.
We used the Kessler Psychological Distress Scale (the "K10" questionnaire) to determine whether such distress was a possible modifier of effect. Scores on this scale range from 10 (no distress) to 50 (severe distress). 25 To assess study-induced changes in migraine treatment by the physicians in the control group, data from the electronic patient record on prescriptions and consultation parameters were compared with those from 12 months earlier (baseline).
Follow-up
Questionnaires were sent to all selected patients at baseline. Participants received follow-up questionnaires 3, 6 and 12 months after their evaluation/ consultation. Questionnaires could be completed on paper or on a website. Nonrespondents received a postal reminder after five weeks and a telephone reminder after six weeks. At baseline and at 12 months, prescription data and data on consultation frequency were collected from the electronic patient record.
Sample size calculation
We assumed that 50% of the selected patients would participate and that loss to follow-up would be 10%. 26 To detect a change in score of 2.3 points on the HIT-6 with 80% power at a 5% significance level and an intracluster coefficient of 0.01-0.02, we needed to recruit 60 primary care practices with 900 potential patients.
27
Statistical analysis Statistical analysis was done using the intentionto-treat principle, and results are reported at the level of the individual patient. We used generalized estimating equations, correcting for age, sex, baseline scores and clustering of patients per primary care practice. 28 We used independentsample t tests to analyze the nonparticipants (people who did not give informed consent) and nonresponders (people who did not complete the questionnaire after having given informed consent), and to compare attendees (patients who attended follow-up) and nonattendees (patients who did not attend follow-up). In the case of skewed data, we used the nonparametric independent samples test.
For missing data, we used multiple imputation by chained equations, with five iterations for the switching regression model. 29 Results from the the imputed data were compared with analyses of the measured data for a sensitivity analysis exploring selective loss to follow-up. 30 We analyzed the costeffectiveness of the in tervention from a societal perspective during the one-year follow-up (see Ap pendix 2, available at www .cmaj .ca /lookup /suppl /doi :10 .1503 /cmaj.110908 /-/DC1).
Results

Participants
We approached 205 primary care practices, 64 of which (31.2%) agreed to participate. Concern about the workload involved was the main barrier to participation.
Of the 1072 patients eligible for our study, 490 (45.7%) participated. Figure 1 shows the flow of patients through the study. The baseline characteristics of the participants in the control and in tervention groups were similar (Table 1) .
Nonparticipants and nonresponders
Participants did not differ from nonparticipants in terms of age, sex, triptan use at baseline, triptans prescribed during the study period, consultations for headache in the previous year, HIT-6 score, EuroQol score and use of prophylactic medication at baseline or at 12 months (data not shown).
Compared with responders, nonresponders were slightly younger (44. Nonresponders at the six-month follow-up had a slightly higher score on the baseline K10 questionnaire than responders (20.8 v. 18.6, p = 0.007), suggesting a higher level of psychological distress.
No differences were found between nonresponders and responders in terms of sex, number of triptans prescribed at baseline, HIT-6 or EuroQol scores at baseline, use of prophylactic medication at 12 months, and number of triptan doses prescribed during the study period (data not shown).
Nonresponders at six months in the intervention group had a slightly lower baseline EuroQol score than nonresponders in the control group (median score 0.78 v. 0.84, p = 0.015). No differences were found on any of the other parameters at 6 and 12 months (data not shown).
Outcomes
The evaluation/consultation was attended by 192 (82.4%) of the patients in the intervention group (Figure 1 ). There were no differences between the baseline characteristics of attendees and those of nonattendees (data not shown).
In the intervention group, 28.3% (43/152) of patients not using prophylaxis before the trial received a prescription for a prophylactic agent, compared with 14.2% (25/176) of patients not using prophylaxis in the control group (Table 2) . However, the number of prescriptions for triptan was comparable between the two groups ( Table 2 ). Medication-overuse headache was diagnosed in seven patients, each of whom was advised to stop all pain medications. Five of these patients lowered their use of pain medications, but none of the patients stopped using them completely (data not shown).
Intracluster coefficient
The intracluster coefficient of our study was -0.048, meaning that there was no clustering of headache complaints by general practice. 9 Post hoc, we calculated a power of 87% for this study.
Primary outcome
At six months, the HIT-6 questionnaire was completed correctly by 80.2% (393/490) of the participants. The change in HIT-6 scores did not differ between the intervention and control groups (Table 3) . Subgroup analyses showed some significant, but not clinically relevant, differences. 22 At 12 months, the HIT-6 questionnaire was completed by 78.2% (383/490) of participants. The intervention group reported a greater decrease in HIT-6 score than the control group (-4.01 v. -2.97). A similar difference was seen in all subgroups (Table 3) .
For patients with low levels of psychological distress (baseline K10 score ≤ 20), the change in HIT-6 score at six months was -1.51 (p = 0.008), compared with 0.16 (p = 0.494) for patients with increased psychological distress, 25 suggesting that psychological distress acted as an effect modifier.
No significant differences were found between the intervention and control groups in terms of the frequency, severity or duration of attacks, the number of days per month on which patients had headaches and absences from work (Table 4) .
Sensitivity analyses after imputation of missing data did not substantially change the results (data not shown).
The intervention was not cost-effective (see Ap pendix 2).
Interpretation
We found no clinically relevant effect of a proactive approach to migraine in primary care for patients who were taking two or more doses of triptan per month. Among patients not using prophylactic medication at baseline who had two or more attacks per month, we saw a significant but not clinically relevant difference. Patients with a low level of psychological distress appeared to derive more benefit from the intervention, but the effect was not clinically relevant. The intervention was not cost-effective.
We saw no effect of the intervention on headache complaints at six months. The negative results could not be explained by selection bias, selective loss to follow-up of patients or behavioural changes in the physicians in the control group. However, there are some possible explanations for our results. First, the threshold of two or more prescribed doses of triptan per month proved too low when targeting patients who have two or more attacks of migraine each month. Second, many patients were already using prophylaxis, and room for improvement among these patients was less than expected. Third, the threshold of two or more attacks of migraine per month might have been considered too low by either the patient or the general practitioner, resulting in a decision not to start prophylaxis. Finally, the effectiveness of the currently available prophylactic agents has not been convincingly proven. It is estimated that fewer than 50% of patients respond well to these treatments. 18, 19 Other studies suggested that an educational program for general practitioners leads to better diagnostic accuracy and better treatment of migraine. However, these studies did not measure the effect in terms of patient outcomes, 31 or they did not include a control group. 32 A recent study evaluating an educational intervention for general practitioners with the aim of increasing the use of prophylactic medications led to 30% of the patients receiving at least one prescription for a prophylactic agent after six months. 33 This result is similar to our findings.
Limitations
A possible limitation of our study is that the general practitioners and participants could not be blinded. Although physicians in the control group were not informed as to the content of the intervention, their participation in our study may have triggered them to update their knowledge on the treatment of migraine. In addition, patients may have been triggered to seek help for their condition. This attention bias may have led to an underestimation of the effect of the intervention. 16 Another limitation is the pragmatic design of our study, which we chose to ensure external validity and to facilitate subsequent implementation. However, because we chose not to monitor the treatment given by the physicians, we were unable to influence the actual treatment that patients received. As such, participants may have received suboptimal treatment. 
Conclusion
This intervention resulted in an increase in the prescribing of prophylactic treatments for migraine. However, we saw no clinically relevant beneficial effect of this approach on headache complaints at six months. It is possible that the intervention resulted in better treatment for patients not using prophylactic medication at baseline who had two or more attacks of migraine per month. Future interventions in primary care should target these patients. Also, it should be considered that an intervention might have less effect for patients with higher levels of psychological distress.
